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Objective: To determine the prevalence of intraarticular susceptibility artifacts and to detect longitudinal
changes in the artifacts, on 3T magnetic resonance imaging (MRI) of the knee in a cohort of patients with
knee pain, and to assess the association of susceptibility artifacts with radiographic intraarticular
calciﬁcations.
Design: Three hundred and forty-six knees of 177 subjects aged 35e65 were included. 3T MRI was
performed at baseline and at 6 months. Baseline radiographs were assessed for presence/absence of
linear/punctate calciﬁcations within the tibiofemoral joint (TFJ) space. Corresponding MRIs were
assessed for susceptibility artifacts (i.e., linear/punctate hypointensities) in the TFJ space on coronal dual-
echo steady-state (DESS) sequences. Kappa statistics were applied to determine agreement between
ﬁndings on baseline DESS and radiography. Changes in artifacts over time were recorded.
Results: In the medial compartment, 13 (4%) of the knees showed susceptibility artifacts at baseline. Six
knees had persistent artifacts and six knees had incident artifacts at follow-up. Agreement between DESS
and radiography was k ¼ 0.18 (0.15, 0.51) in the medial compartment. Frequency of artifacts in the
lateral compartment was low (2%).
Conclusion: Susceptibility artifacts detected on knee MRI are not frequent, and likely correspond to
vacuum phenomena as they commonly change over time and are not associated with intraarticular
calciﬁcations. Radiologists should be aware of these artifacts as they can interfere with cartilage
segmentation.
 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Susceptibility artifacts seen on magnetic resonance imaging
(MRI) can be caused by various factors such as hemosiderin from
bleeding, metallic foreign bodies or air/gas. IntraarticularA. Guermazi, Department of
GH Building 3rd Floor, 820
-414-3893; Fax: 1-617-638-
azi).
ternational. Published by Elsevier Lsusceptibility artifacts on MRI can be caused by vacuum phenom-
ena, which has been reported on radiography, CT and MRI, as a
result of negative pressure extracting gas from the extracellular
ﬂuid1. Vacuum phenomena have commonly been associated with
degenerative changes in intervertebral discs, but their occurrence
in osteoarthritic knee joints has also been reported2,3. Moreover,
previous reports described diagnostic difﬁculties related to the
presence of susceptibility artifacts that can be mistaken for
meniscal tears and cartilaginous lesions4e6. These artifacts are
worse with gradient-echo MR sequences, which are the sequences
used for cartilage and meniscal segmentation. The aims of thistd. All rights reserved.
Table I
Change of DESS-detected SA between baseline and follow-up
Medial TFJ Lateral TFJ
Present at baseline 13 5
Persistent at follow-up 6 2
Absent at follow-up 7 3
Incident at follow-up 6 1
M. Jarraya et al. / Osteoarthritis and Cartilage 22 (2014) 1499e15031500study were to determine the frequency and longitudinal changes of
susceptibility artifacts on MRI of the knee and the cross-sectional
association with radiography-detected intraarticular calciﬁcations.
Material and methods
Study sample
Subjects were participants in the Joints on Glucosamine (JOG)
study (clinical trial registration number NCT00377286). The JOG
study was a 6-month, double-blind randomized controlled trial to
examine the efﬁcacy of oral glucosamine supplementation. Insti-
tutional Review Board approval at the University of Pittsburgh and
written informed consent from all participants were obtained for
the present study. Two hundred and one participants, aged 35e65
with mild to moderate chronic frequent knee pain (Western
Ontario and McMaster Universities (WOMAC) score 125 and
5007) were recruited at the University of Pittsburgh, Pennsylva-
nia. Subjects were excluded from JOG if they screened positive for
rheumatoid arthritis, had ankylosing spondylitis, psoriatic arthritis,
chronic reactive arthritis or renal insufﬁciency that required hemo-
or peritoneal dialysis; were taking bisphosphonates or dietary
supplements for knee pain in the 6 months prior to study entry;
had a history of cancer (except for non-melanoma skin cancer), had
or planned to have bilateral knee replacement surgery; or were
unable towalkwithout assistance. The baseline and follow-upMRIs
of 346 knees from the 177 subjects who completed the study were
examined.
Acquisition of radiographic images
All participants had knee radiographs at baseline using the
ﬁxed-ﬂexion protocol. For 49 participants and 98 knees, radio-
graphic acquisition was performed using conventional ﬁlms. All
other participants had digital radiographs.
MRI acquisition
MRI of each knee was performed using a 3 T MR system
(Siemens Trio, Erlangen, Germany). The protocol used for the
Osteoarthritis Initiativewas also applied in the JOG study, excluding
the fast low angle shot sequence and the multi-echo spin-echo T2
mapping sequence. The details of the full Osteoarthritis Initiative
pulse sequence protocol and the sequence parameters have been
published8. For the present study, only the 3D dual-echo steady-
state (3D DESS) sequence (slice thickness 0.7 mm, interslice gap
0 mm, repetition time 16.3 ms, echo time 4.7 ms, ﬂip angle 25,
ﬁeld-of-view 140  140 mm, matrix 384  307 pixels, echo train
length 1, number of slices 35, bandwidth 185 Hz/pixel, number of
excitations 1, anterior/posterior phase encoding axis, acquisition
time 10 min 23 s) was considered. Axial and coronal images were
reformatted from the sagittal 3D DESS images and were also used
for assessment.
Interpretation of radiographs and MRI
Image interpretation was performed blinded to clinical infor-
mation and using digital imaging software (eFilm Workstation,
version 2.1.2, Merge Healthcare, Milwaukee, Wisconsin) for MRI
and digital radiographic images. X-ray ﬁlms were read using a
conventional light box.
Radiographic evaluation
For each knee, baseline radiographs were read by a musculo-
skeletal radiologist (MJ) with 5 years of experience inmusculoskeletal radiology and 1 year of research experience in
semiquantitative scoring of knee radiographs and MRI. Each knee
was graded according to the KellgreneLawrence grading system9,
and for joint space narrowing (JSN) according to the OARSI atlas10.
Radiographs were also assessed for the presence of linear/punctate
calciﬁcations within the medial/lateral tibiofemoral joint (TFJ).
Susceptibility artifact evaluation
Baseline and 6-month follow-up MR images of each knee were
assessed by the same musculoskeletal radiologist (MJ). Coronal 3D
DESS sequences were assessed for the presence of linear/punctuate
hypointensities representing susceptibility artifacts in the medial/
lateral TFJ spaces.
Statistical analysis
Concordance of ﬁndings from the baseline DESS images and the
radiographs was studied using kappa statistics adjusted for clus-
tering of two knees in an individual11. Differences between knees
with and without susceptibility artifacts on the DESS were studied
for signs of radiographic OA (KL grade  2) or JSN  2 using
bivariate logistic regression adjusted to control for the clustering of
knees in an individual. All analyses were conducted in SAS 9.2.
Results
Our study included 177 participants with a mean age of 52 years
(range: 35e65 years, standard deviation (SD)  6) and a mean BMI
of 29 kg/m2 (SD 4). The percentages of overweight (25e30 kg/m2)
and obese (>30 kg/m2) subjects were 40.1% (71) and 41.2% (73),
respectively. Subjects were predominantly white (160, 90.4%) and
approximately half were women (82, 46.3%). Of the 346 knees, 13
(3.8%) showed artifacts in the medial TFJ at baseline vs 12 at follow-
up (3.5%). Radiography demonstrated 7 (2.0%) calciﬁcations in the
medial TFJ at baseline. For the lateral TFJ, ﬁve knees showed arti-
facts at baseline (1.5%) vs three at follow-up (0.9%). Radiography-
detected lateral TFJ space calciﬁcations in 14 knees at baseline
(4.1%). Changes in artifacts at baseline and follow-up are reported in
Table I.
In the medial compartment, agreement between DESS-detected
susceptibility artifacts vs radiography-detected calciﬁcations was
0.18 (95% CI¼0.15, 0.51) (Figs. 1 and 2). Kappa values could not be
calculated with reasonable precision in the lateral compartment
due to the very low frequency of artifacts. Knees with artifacts were
compared to those without artifacts on DESS at baseline and
showed signiﬁcantly more JSN in the medial compartment (38.5%
vs 11.7%, OR ¼ 5.32, CI ¼ 1.67, 16.96) while differences in Kellgrene
Lawrence grade did not reach statistical signiﬁcance (84.6% vs
59.8%, OR ¼ 3.75, CI ¼ 0.85, 15.59, P value ¼ 0.08).
Discussion
Our study found susceptibility artifacts in 4% of the knees with
OA that we examined. The artifacts were most often in the medial
compartment, and they showed longitudinal changes. The higher
prevalence of artifacts in the medial compartment is consistent
Fig. 1. Longitudinal change in a susceptibility artifact between baseline (a, b) and follow-up (c). (a) Coronal DESS image showed linear hypointensity in the medial TFJ space (white
arrow). (b) Baseline anteroposterior radiograph did not show calciﬁcation or radiolucency in the corresponding joint space. (c) Follow-up coronal DESS image showed the absence of
any susceptibility artifacts. This longitudinal change and a lack of abnormal opacity or lucency on radiography suggest that the susceptibility artifact likely represents the vacuum
phenomenon. Note the presence of JSN on radiography (black arrows) and tibiofemoral cartilage loss on MRI (arrowheads), indicating osteoarthritic changes.
Fig. 2. Radiographic calciﬁcation with susceptibility artifacts on MRI (a) Baseline anteroposterior radiograph showed linear calciﬁcation of the medial TFJ space (white arrow)
consistent with chondrocalcinosis (b) Coronal DESS image showed a susceptibility artifact in the same location (white arrow).
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higher than Sakamoto et al. reported in their sample (1.3%)1. This is
probably explained by the characteristics of our cohort: Our study
included only patients with chronic frequent knee pain, many of
whom already had radiographic OA.
Recognizing that susceptibility artifacts are artifacts and not
signs of pathology is important in the clinic and in research. In the
TFJ, these artifacts appear adjacent to or overlapping with articular
cartilage or the meniscus. Sakamato et al. noted that susceptibilityartifacts can be mistaken for meniscal tears1. While the appearance
of susceptibility artifacts is easily recognizable by trained readers,
readers with limited experience in MRI interpretation can mistake
them for cartilage or meniscal damage. Moreover, even when
correctly identiﬁed, the presence of the artifact will obscure the
cartilage and meniscus and impair accurate assessment. Shogry
et al. have reported that vacuum phenomena in the knee can
simulate cartilaginous injury because of the blooming effects of
artifacts and subsequent near-by artifactual high signal intensity
M. Jarraya et al. / Osteoarthritis and Cartilage 22 (2014) 1499e15031502foci within the cartilage2. High resolution 3D sequences are more
sensitive to exhibit susceptibility artifacts than turbo or fast spin
echo sequences and prevalence of these artifacts is higher in pa-
tients with osteoarthritis than healthy volunteers13.
While semiquantitative assessment methods performed by
expert radiologists would not be affected by the presence of sus-
ceptibility artifacts, automatic segmentation methods for both
cartilage and menisci may be impaired by the presence of artifacts,
especially because segmentation techniques usually use DESS or
other high resolution 3D gradient-echo sequences, which are
highly susceptible to these artifacts. A report focusing on the effect
of susceptibility artifacts on the reliability of cartilage segmentation
after autologous chondrocyte implantation showed that extensive
artifacts might prevent reliable image evaluation14. However, the
nature of these artifacts was unclear as all patients had undergone
prior surgery and surgical hardware debris or hemosiderin might
have been the cause of these artifacts. In our cohort the absence of
prior surgical history, the poor agreement between DESS-detected
susceptibility artifacts and radiography-detected calciﬁcations, and
the high proportion of ﬂuctuation between baseline and follow-up
considerably narrowed the differential diagnosis, and indicate that
these artifacts probably correspond to vacuum phenomenon. The
effect of susceptibility artifacts on cartilage segmentations from
high resolution 3D datasets needs to be explored further.
Articular vacuum phenomena are thought to be caused by
negative pressurewithin the joint due to the position of the patient,
which results in the accumulation of nitrogen gas3. When apposing
articular surfaces are distracted, a space is created and its volume
must be ﬁlled. Since there is insufﬁcient synovial ﬂuid in a normal
diarthrodial joint and no ﬂuid in the amphiarthrodial joint to ﬁll the
extended space, gas in the surrounding extracellular ﬂuid leaves
solution and occupies the volume created by the distraction3,15.
Vacuum phenomena are similar to the cavity that is created when
the end of a partially ﬁlled syringe is blocked and the plunger
pulled back.
The radiological literature contains many reports of vacuum
phenomena created in various synovial jointsdplaced in stressed
positiondand evidenced by different imaging modalities5,16,17. Ex-
amples are susceptibility artifacts in gradient recalled echo MR
images of shoulders placed in external rotation17, and ultrasound-
detected microbubbles described in hyperextended meta-
carpophalangeal joints16. Despite the higher prevalence of artifacts
in knees with JSN observed in our cohort, there is no clear expla-
nation as to whether JSN can cause vacuum phenomenon.
In conclusion, we found susceptibility artifacts in 4% of the knees
we examinedwith DESS images. Since cartilage segmentation often
uses DESS images, it is important to be aware that the presence of
susceptibility artifacts can interfere with cartilage evaluation that
relies on segmentation techniques and lead to false results and
overestimated cartilage loss. Thus, susceptibility artifacts are un-
desirable in the context of knee osteoarthritis evaluation. The
occurrence of susceptibility artifacts in other 3D segmentation se-
quences such as TrueFISP and FLASH should be studied.Author’s contributions
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